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I INTRODUCTION 

T h i s  f i f t h  Quar te r ly  Technical  Summary Report d e s c r i b e s  work con- 

duc ted  fo r  t h e  Nat ional  Aeronaut ics  and Space Adminis t ra t ion  under Task 

Order NASr-49 (13) d u r i n g  t h e  c o n t r a c t u a l  per iod  September 1 t o  November 

30, 1964. The program i s  monitored by t h e  A m e s  Research Center of NASA. 

The o b j e c t i v e  of t h i s  s tudy of c r o s s l i n k e d  poly(methy1 m e t h a c r y l a t e )  

(PMMA) polymers i s  t o  o b t a i n  informat ion  on t h e  behavior  of c r o s s l i n k e d  

polymers i n  space environments.  Of p a r t i c u l a r  i n t e r e s t  a r e  t h e  degrada- 

t i v e  changes i n  s t r u c t u r e  which t a k e  p l a c e  i n  vacuo a t  e l e v a t e d  tempera- 

t u r e s ,  t h e  k i n e t i c s  a s s o c i a t e d  wi th  t h e  d e g r a d a t i o n  p r o c e s s ,  and t h e  

i n f l u e n c e  of t h e s e  changes on t h e  mechanical p r o p e r t i e s  of t h e  polymer. 

The new samples of test  m a t e r i a l  were r e c e i v e d  November 9 ,  and t h e  

e x t e n s i o n  of t h e  Cont rac t  became e f f e c t i v e  on November 16 ,  1964. Con- 

s e q u e n t l y  t h e  r a t e  of e f f o r t  was l o w  d u r i n g  t h e  e a r l y  months of t h e  

r e p o r t i n g  per iod .  
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I1 TENSILE STRESS-STRAIN CHARACTERISTICS OF CROSSLINKED PMMA 

New samples procured by t h e  A m e s  Research Center from Po lycas t  

Corpora t ion ,  Stamford, Connecticut were r e c e i v e d .  These samples con- 

s i s t e d  of unc ross l inked  PMMA and of PMMA c r o s s l i n k e d  w i t h  vary ing  amounts 

of e i t h e r  e thy lene  g lyco l  d ime thac ry la t e  (EDMA) or hexamethylene g lyco l  

d i rne thacry la te  (HDMA).  

c r o s s l i n k e r  used i n  each sample, and t h e  t h e o r e t i c a l  number of moles of 

e f f e c t i v e  cha ins  pe r  gram of polymer, 

Table  I shows t h e  d i f f e r e n t  amounts ($ W / W )  of 

c a l c u l a t e d  from t h e  r e l a t i o n  
'e 

= 2 x/100 MA 

198, HDMA: 254) .  

where x i s  t h e  weight pe rcen t  of c r o s s l i n k e r  (EDMA: 
'e 

Table  I 

CROSSLINKED PMMA SAMPLES 

Cross1 inke r  

Sample No. 

1 

2 

3 

4 

5 

10 

11 

1 2  

A m o u n t  
Type ($ w/w, . .  , . - 

-- None 

EDMA 0.025 

EDMA 1 .o 
EDMA 6 . O  

EDMA 16 .O 

HDMA 0.025 

HDMA 1 .o 
HDMA 6 .O 

ve x 104 
(moles /gram ) 

-- 
0.0253 

1.011 

6.06 

16.17 

0.0197 

0.787 

4.72 

Experiments a r e  i n  progress  t o  determine t h e  equ i l ib r ium s w e l l i n g  

r a t i o  and t h e  s o l  f r a c t i o n  of t h e  c r o s s l i n k e d  samples i n  1 ,2 -d ich lo ro -  

e thane  and i n  chloroform. 

Rings of 1.580 inches  o u t e r  d iameter  and about  1.365 inches  i n n e r  

d i ame te r  were c u t  on a l a t h e ,  and I n s t r o n  tests were c a r r i e d  ou t  on a l l  

samples a t  145OC a t  c rosshead  speeds of 20 ,  10, 5 ,  2 ,  1, 0 .5 ,  0 . 2 ,  and 

0 .1  inches lminute .  Data a r e  c u r r e n t l y  be ing  ana lyzed .  
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111 STRESS RELAXATION 

New c a l i b r a t e d  thermocouples were i n s t a l l e d  i n  t h e  vacuum stress 

re l axomete r .  A l l  t h r e e  load  ce l l s  a r e  now e x c i t e d  from s e p a r a t e  ENDEVCO 

power supply  u n i t s .  The i n t e r c o n n e c t i o n  of t h e  e l e c t r o n i c  components of 

t h e  d a t a  a c q u i s i t i o n  s y s t e m  i s  d i sp layed  i n  t h e  b lock  diagram, F i g .  1. 

T o  ensu re  a c c u r a t e  v o l t a g e  r e g u l a t i o n  t h e  p o s i t i v e  e r r o r  s enso r  l e a d s  of 

t h e  power s u p p l i e s  were in t roduced  i n t o  t h e  vacuum chamber and connected 

t o  t h e  s t r a i n  gages a s  shown i n  F i g .  1. 

The g l a s s  b e l l  j a r  i n  which t h e  re laxometer  i s  mounted was r ep laced  

w i t h  a metal  j a r  f o r  g r e a t e r  ruggedness ( t h e  g l a s s  b e l l  j a r  chipped t o o  

e a s i l y ) .  

53% potassium n i t r a t e ,  40$ sodium n i t r i t e ,  and 7% sodium n i t r a t e  i s  be ing  

used .  

I n s t e a d  of a n  o i l  b a t h ,  a n  eu tec t ic  s a l t  mix ture  c o n s i s t i n g  of 

T h i s  mixture  has a mel t ing  p o i n t  of 14OoC. 

A stress re laxometer ,  which i s  s u i t a b l e  for o b t a i n i n g  d a t a  i n  t h e  

presence  of a i r ,  i s  a v a i l a b l e .  (Th i s  appa ra tus  was c o n s t r u c t e d  s e v e r a l  

y e a r s  ago f o r  work on ano the r  p ro jec t . )  

have been s t a r t e d  r e c e n t l y  t o  o b t a i n  da t a  on t h e  PMMA specimen i n  a i r  a t  

e l e v a t e d  tempera tures .  Some da ta  of t h i s  t ype  a r e  needed so t h a t  t h e  

r e s u l t s  ob ta ined  i n  t h e  vacuum re laxometer  can be  compared w i t h  those  

ob ta ined  i n  a i r ,  

T e s t s  employing t h i s  re laxometer  

A l s o  i n  p rogres s  is t h e  p r e p a r a t i o n  of a r e v i s e d  computer program 

f o r  reducing  da ta  obta ined  wi th  t h e  I n s t r o n  t e s t e r  a t  v a r i o u s  c rosshead  

speeds  and tempera tures .  The program used p rev ious ly  on t h i s  and o t h e r  

p r o j e c t s  con ta ined  c e r t a i n  minor errors which needed c o r r e c t i o n ;  a l s o ,  

t h e  program needed mod i f i ca t ion  because of a change i n  computer equip- 

ment a t  t h e  I n s t i t u t e .  
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